Aim: To examine subjective and psychophysiological responses to appetitive cues during an alcohol cue reactivity task, and its relation to alcoholic liver disease and assess whether executive functioning is associated with appropriate regulation of cue-elicited responses in individuals with severe alcohol use disorder (AUD). Methods: Seventeen treatment-seeking alcoholic liver disease patients and a control group of treatment-seeking severe AUD participants completed neuropsychological executive functioning measures (Stroop task; Trail-making test) and the cue reactivity task, whereby control (water) and alcohol beverage cues were presented, followed by respective recovery periods. Subjective alcohol craving and heart rate variability were recorded across the task. Results: Overall cue reactivity and consequent recovery after cue offset during the cue reactivity task was observed, and alcoholic liver disease participants demonstrated a reduced overall recovery effect. Better Stroop performance related to greater overall and alcohol-specific cue reactivity within the control AUD group, and alcoholic liver disease participants showed dysfunctional activity regardless of executive functioning performance. No group differences in recovery effects according to executive functioning performance were seen. Conclusion: Among patients with AUD, having alcoholic liver disease seems to reduce overall regulation of responses to eliciting cues. Executive functioning moderated the magnitude of responses during cue exposures in our AUD sample overall; having alcoholic liver disease did not appear to affect regulation related to executive functioning during recovery.
INTRODUCTION
For those with alcohol use disorder (AUD), individuals with alcoholic liver disease (ALD) are a subset of chronic drinkers that typify an inability to regulate their alcohol intake. ALD is a significant long-term consequence of prolonged chronic drinking, and alcohol is a major cause of liver disease worldwide (O'Shea et al., 2010) . People with ALD who continue to drink, therefore, characterize a severe stage of AUD, and due to their extensive chronic alcohol consumption, typically over several years (O'Shea et al., 2010) , represent a subset of drinkers that consistently fail to regulate their alcohol consumption appropriately.
Considering the salience and immediacy of disease-related negative feedback (e.g. pain, jaundice, bloating) experienced by ALD individuals (Madhotra and Gilmore, 2003) , this feedback should precipitate appropriate regulation of drinking behaviour. Abstinence is essential in reducing the progression of ALD and central to disease management (Tilg and Day, 2007) . However, a significant proportion of ALD patients relapse (Everson et al., 1997; Perney et al., 2005) , indicating a marked inability to regulate alcohol consumption, even with potentially fatal outcomes.
According to dual-process models of addiction (Bechara, 2005; Wiers and Stacy, 2006; Noël et al., 2010) , two interacting, yet distinct, processing systems are involved in regulation of drinking: an 'impulsive' motivational system which can be hypersensitized by chronic consumption and drive impulses to drink signalled by elicited alcohol cues; and a 'reflective' regulatory system, which governs and controls these impulses. The reflective system comprises executive functions, a set of cognitive processes involved in complex cognition and goal-motivated behaviour (e.g. cognitive flexibility, inhibiting proponent responding, attentional processes; Miyake et al., 2000) . Executive functioning deficits may therefore affect the capacity of the regulatory 'reflective' system to moderate 'impulsive' motivational system drives to consume alcohol and appropriately regulate intake (Bechara, 2005) in individuals with severe AUD, and has been demonstrated in various drinker profiles, including: alcohol dependence (Stavro et al., 2013 ), Korsakoff's syndrome (Brion et al., 2018) , and binge-drinkers .
Executive functioning deficits in ALD samples have been evidenced, including previously heavily-drinking alcoholic liver cirrhosis patients at one year post-transplant (Arria et al., 1991) , and in cirrhosis patients compared to healthy controls when matched for drinking history (McCrea et al., 1996) . When controlling for liver disease severity, end-stage liver disease patients reporting previous alcohol problems had worse executive functioning (Sorrell et al., 2006) . Conversely, Hart et al. (2012) showed memory-related deficits, but not executive functioning deficits, in liver disease patients with excessive alcohol use history. However, the results are mixed, potentially because studies often focus within liver disease samples or do not adequately match for AUD severity and drinking consequences in control samples.
While executive functioning deficits in ALD have been identified, limited research investigates associations between appropriate regulation of responses to alcohol cues in ALD individuals and the role of executive functioning in this regulation-which may be an important factor in continued chronic consumption in ALD individuals. Physiological indices such as heart rate variability (beat-tobeat changes in heart rate; HRV) can be markers of underlying regulation of cue-elicited responses (Carter and Tiffany, 1999) . Exposure to an alcohol-cued script increases HRV in alcohol dependent participants compared to healthy controls (Ingjaldsson et al., 2003) , and earlier relapse in alcohol dependent patients was predicted by greater high-frequency HRV to stress-primed alcohol cues (Garland et al., 2012) . High-frequency HRV during recovery after alcohol cues also relates to better trait mindfulness in alcohol dependent participants, attributed to better cognitive control (Garland, 2011) . However, no studies to our knowledge have examined the link between executive functioning deficits in severely dysregulated samples such as ALD individuals and their reactivity to salient alcohol cues, and/or whether they demonstrate appropriate regulation after cues are removed (i.e. recovery period).
This study investigated whether ALD patients who characterize severe AUD have difficulties appropriately regulating their responses to alcohol cues compared to a control group of severe AUD participants (control AUD), and whether executive functioning is associated with this regulation. We implemented an alcohol cue reactivity task to determine any group differences in alcohol cue reactivity, evidenced through indices of physiological responses, and assess any systemic returns to baseline levels indicating a recovery effect. We hypothesize that ALD patients will (a) experience greater alcohol cue reactivity, indexed by elevated subjective reported craving and psychophysiological HRV responses, and (b) show reduced recovery effects after cue presentation compared to control AUD participants. Additionally, as ALD patients may have more marked executive functioning deficits, we will examine whether executive functioning ability affects processes underlying the regulation of alcohol cue-elicited responses. We thus hypothesize that (c) participants with worse executive functioning will evidence reduced regulation during key cue reactivity task stages.
MATERIALS AND METHOD

Participants
Twenty-two ALD and 21 adults with AUD participated within the BacALD trial at Royal Prince Alfred Hospital, Sydney (Morley et al., 2013 (Morley et al., , 2018 , a double-blind randomized controlled trial evaluating baclofen as a pharmacotherapy for alcohol dependence in ALD patients. The clinical protocol (Morley et al., 2013) and primary trial outcomes have been published elsewhere (Morley et al., 2018) . Participants were recruited from among outpatients attending hospital for alcohol-related admissions, and online advertisements requesting participants with alcohol problems seeking treatment. Researcher-led diagnostic interviews identified alcohol dependence and ALD markers at enrolment, with ALD participants stratified by the identification of ALD (for further detail, see Morley et al., 2018) . ALD participants required presence of ALD symptoms and/or signs of liver disease, with or without cirrhosis, where alcohol use was considered to play a major aetiological role. Alcohol use had to exceed an average of 60 g/day in women and 80 g/day in men for 10 years. At entry, alcohol abstinence was required for between 48 hours and 28 days. Control AUD participants were matched on the average age and gender of the ALD patients and required the absence of liver disease identified through medical examination and laboratory evaluations of liver function (see below).
Participants were aged between 18 and 75, required adequate cognition and English language skills to give consent, had no active major mental disorder or suicide risk, and were classified with alcohol dependence with the ICD-10 (World Health Organization, 1990) . Participants with concurrent use of psychotropic medications apart from antidepressants (unless taken at stable doses for ≥ 2 months), unstable substance use (except nicotine), or evidence of hepatic encephalopathy were excluded. Participants with preexisting heart conditions or taking medications affecting heart rate or with consistently abnormal heart rate were excluded (n = 2). A recording issue during Stroop led to incomplete data (n = 3), one ALD patient failed to identify any incongruent Stroop trials correctly, and another was above a breath alcohol concentration of 0.05, and they were excluded. Baseline liver injury markers were not obtained for some patients (n = 6). The final sample comprised 19 control AUD and 17 ALD participants (see Table 1 for sample characteristics). Participants were reimbursed $50AUD for participating. The study was approved by the Human Ethics Review Committee of the Sydney Local Health District.
Measures
Executive functioning tasks TMT (Trail-Making Test) Part A and B (Reitan and Wolfson, 1993) requires participants to connect a series of circles in order as quickly as possible. Part B is further regarded to index executive functioning, specifically set-shifting flexibility, attention, and inhibition. A lower difference score calculated by the difference in the completion time of the parts (B-A) reflects better executive functioning ability.
Stroop task (Stroop, 1935) was an automated original colour version. Participants indicated the colour (red, green, blue or yellow) of the printed text on computer using keys, with three trial types: control trials (symbols presented in text colours), congruent trials (e.g. 'red' coloured in red text), and incongruent trials (e.g. 'red' coloured in blue text). Higher Stroop interference scores indicate worse executive functioning from greater Stroop interference, calculated by subtracting the mean control trial response latencies from mean incongruent trial latencies.
Procedure
Enrolment and baseline assessment Participants underwent a structured interview and medical consultation on Day 0 assessing trial eligibility and liver disease markers identified by laboratory evaluations, including: full blood count, liver tests (bilirubin, GGT, ALP, AST, ALT, protein, albumin), coagulation tests (PT, INR, APTT) and creatinine. Liver injury severity was indexed using measures based on objective parameters of the aetiology of liver disease (Table 2 ): Maddrey's Discriminant Function (Maddrey et al., 1978) , where higher scores relate to poorer outcomes and decreased survival likelihood; and the modified Model End-Stage Liver Disease (MELD) score (Kamath and Kim, 2007) with higher scores indicating greater severity and decreased disease survival (see Table 2 ). Participants were assigned to ALD or control AUD groups, and randomly allocated to treatment condition (30 mg/day; 75 mg/day; or placebo; 1:1:1 allocation ratio; see Morley et al., 2013) . Participants then completed baseline Control AUD: n = 16; ALD: n = 14. questionnaires. The Timeline followback interview (TLFB) (Sobell and Sobell, 1992 ) measured alcohol use in number of Australian standard units (10 g ethanol) per drinking day (henceforth TLFB units) in the preceding 30 days. The Alcohol Dependence Scale (ADS; Skinner and Allen, 1982 ) measured participants' AUD severity, with higher scores indicating greater severity. Drinkers Inventory of Consequences (DrInC) Lifetime (Miller et al., 1995) indicated physical, emotional and social consequences related to alcohol ever being experienced, with higher DrInC scores indicating more negative drinking consequences. They also completed the Chronic Liver Disease Questionnaire (CLDQ; Younossi et al., 1999) assessing physical, psychological and emotional symptoms of liver disease, with lower total scores indicating higher symptom frequency and poorer health-related quality of life.
Cue reactivity session
Testing was conducted 7 ( ± 4) days after trial commencement between 10:30 am and 3 pm. Participants had to avoid drinking alcohol from the night preceding the test session, and caffeine and nicotine from 4 h before test session Participants sat and faced a monitor used for Stroop and cue reactivity task video presentation. All questionnaires were administered with pen and paper. A researcher-led interview obtained participants' cardiac history, a 1-week TLFB, and previous week's alcohol craving using the Penn Alcohol Craving Scale (PACS; Flannery et al., 1999) . Participants then completed TMT. The Stroop was completed on a PC using Inquisit 3.0.5.0 software (Millisecond Software LLC, 2009), followed by unrelated questionnaires to reduce cognitive load effects on physiological baselines. Table 1 reports participant demographics, and drinking and neuropsychological task measures.
The cue reactivity task was conducted in order (baseline, water cues, recovery 1, alcohol cues, recovery 2; see Table 3 ) as counterbalancing cues may mask specific cue effects (e.g. hyper-arousal to alcohol cues masking successive water cue responses; Monti et al., 1987) . For the baseline and recovery periods, participants watched neutral animal videos set to classical music for five minutes. Cues were either a bottle of water or a bottle containing an Australian standard drink (10 g alcohol) of participants' choosing: lager, red/ white wine, or spirits. These were placed in front of participants with the relevant water/beer schooner/wine glass or spirits tumbler. Audio scripts were played to enhance drink stimuli craving and augment physiological HRV responses (e.g. Ingjaldsson et al., 2003) , and participants were then instructed to pour, then hold and smell the beverage for five minutes. Heart rate data were recorded during cue reactivity task stages using a three-lead electrocardiogram with two disposable Ag/AgCl electrodes placed on the arms above the cubital fossa and a ground electrode on the non-dominant inner wrist, amplified by an ML408 Dual Bioamp/Stimulator (ADInstruments; Sydney, Australia) connected via the PowerLab 8/ 25 System (ADInstruments; Sydney, Australia) to a PC operating LabChart Pro 7.3.7 software (ADInstruments, 2012). Sampling rate was 1000 Hz/s. The Alcohol Urge Questionnaire (AUQ; Bohn et al., 1995) was completed after each cue reactivity task stage as a selfreport measure of current craving and urge to drink per stage, with the total score used to indicate changes in craving per stage. Participants were debriefed at session end.
Data transformations and statistical analysis
Stroop task reaction time (RT) distributions were positively skewed and leptokurtic, requiring trimming to produce normality (Miyake et al., 2000) . Cut-off criterion values were first established (200 ms; 3000 ms) with RTs outside these omitted (4.12% of total RTs), then a within-subjects procedure excluded outliers > 3 Median Absolute Deviation units from the median (3.7% of remaining RTs; Leys et al., 2013) .
HRV R-wave data were identified per task stage and analysed using Kubios 2.2 HRV software (Biosignal Analysis and Medical Imaging Group, 2012), with artefacts manually identified and interpolated using a low pass-filter. Trend components were removed using the Smoothness priors method (λ = 500; Tarvainen et al., 2002) . Spectral analysis employing Fast Fourier transformations calculated high-frequency HRV in the frequency band 0.15-0.40 Hz, to produce mean high-frequency HRV in normalized units per stage. These were positively skewed, so were natural log-transformed for normality.
Linear mixed model (LMM) analyses were conducted examining associations between executive functioning performance with AUQ scores and high-frequency HRV, respectively, during the cue reactivity task. A random intercept-only model was fitted first for all cue reactivity task stages. Fixed variable disease group (control AUD, ALD) was added in the next step. Treatment condition (placebo, 30 mg/day; 75 mg/day) was then entered as a covariate, and twoway interactions with cue reactivity task stages to examine drug effects on model outcomes, and included in subsequent analyses to control for any treatment effect. Planned contrasts were fitted as separate models to compare psychophysiological activity during key task stages (see Table 3 ): (a) baseline versus appetitive exposures (water, alcohol); (b) water exposure versus alcohol exposure; (c) cue exposures versus recovery periods after cue offset; (d) alcohol exposure versus Recovery 2 period assessing specificity of the alcohol response and consequent regulation. Fixed variable disease group, and disease group and contrast interactions were added in a further step. Treatment group was similarly added in the next step. Executive functioning task scores (TMT, Stroop) were then added, and two-way interactions of cue reactivity task contrasts and respective executive functioning scores to examine relationships with craving and HRV across key stages. Finally, three-way interactions of contrast, executive functioning tasks, and disease group tested whether executive functioning performance related to regulatory activity across the cue reactivity task for the control AUD versus ALD groups.
RESULTS
Executive functioning performance
There was a trend for ALD patients to take longer than control AUD participants to complete the TMT A, t(34) = −1.95, P = 0.060, and ALD patients were significantly slower completing TMT B, t(34) = −2.65, P = 0.012 (see Table 1 ). The ALD group had significantly higher TMT difference scores, t(34) = −2.38, P = 0.023, indicating worse executive functioning performance. There was a significant overall sample Stroop effect, with colour-naming slower during incongruent trials (M = 1123.17 ms, SD = 367.03) compared to control trials (M = 1054.30 ms, SD = 327.53), t(34) = 5.11, P < 0.001, but no significant disease group difference for Stroop interference score (P > 0.05). Table 2 presents the liver injury markers. ALD patients demonstrated higher Maddrey's discriminant function scores than the control AUD group, U = 64.5, P = 0.048. There was a trend toward a higher MELD score for ALD, but only three ALD patients (20%) scored > 9, with scores below this threshold associated with very high survivability at three months (Wiesner et al., 2003) . ALD patients thus demonstrated evidence of liver injury, but relatively low ALD severity. Table 1 shows the TLFB, ADS and DrInC scores. ALD reported higher consumed TLFB units, t(34) = −2.40, P = 0.022. When applying an ADS cut-off score of 9 (Ross et al., 1990) , 17 control AUD participants (94.7%) were classified with alcohol dependence, compared to 14 ALD patients (82.4%). However, there were no differences between groups for ADS or DrInC scores (P's > 0.05), suggesting while the ALD group had significantly greater alcohol intake they did not present a different profile to control AUD participants for severity of alcohol problems, and similarly experienced a range of drinking consequences. Regarding treatment allocation, participants were relatively evenly allocated across the disease groups to the three treatments (30 mg/day: AD: n = 7, ALD: n = 8; 75 mg/day: AD: n = 5, ALD: n = 4; placebo: AD: n = 7; ALD: n = 5), with no significant differences between AD and ALD across the treatment groups (P's > 0.05).
Markers of liver injury
Drinking profile and treatment allocation between disease groups
Overall subjective craving elicited during the cue reactivity task Table 4 presents the cue reactivity task AUQ scores. There were no overall main effects of task stages, disease group, or executive functioning scores for overall AUQ scores across the task stages (P's > 0.05). However, there was a disease group and task stage interaction, F(1,132) = 5.75, P = 0.018, with the control AUD group demonstrating greater AUQ scores changes across the task compared to ALD. There was no overall increase in AUQ scores from baseline to cue exposures, no disease group or executive functioning main effects, or significant interactions (P's > 0.05). The alcohol cue-elicited higher overall AUQ scores compared to water cues, F (1,62) = 10.53, P = 0.002, and there was a two-way contrast and Stroop interaction, F(1,62) = 4.27, P = 0.043, with participants with greater Stroop interference reporting increased craving from water to alcohol cues, while those with lower interference scores reported little craving. There was a weak trend toward a two-way contrast and disease group interaction, F(1,62) = 2.99, P = 0.089, with control AUD group reporting increased craving from water to alcohol cues, while ALD reported uniformly elevated craving. A reduction in AUQ scores during recovery periods compared to cue exposures was seen for the whole sample, F(1,132) = 5.06, P = 0.026, and reduction in AUQ scores during Recovery 2 after alcohol cue offset, F(1,62) = 6.54, P = 0.013, indicating the task elicited an alcohol-specific craving response. No executive functioning main effects, or two-or three-way interactions with disease group for key contrast models were otherwise observed (P's > 0.05). In sum, the task sufficiently elicited an alcohol-specific craving response, and there was evidence of consequent reduction during recovery to test key study hypotheses. Table 4 displays high-frequency HRV means during cue reactivity task stages. No differences in whole sample HRV levels were seen across all task stages overall (P > 0.05). Key contrast LMMs demonstrated that overall, whole sample high-frequency HRV decreased during cue exposures from baseline, F(1,61) = 6.1, P = 0.016, indicating a reduction in parasympathetic system response to cues overall, but no difference in HRV levels between water and alcohol exposures (P's > 0.05), suggesting an overall reactivity not specific to cue type. No disease group differences or significant interactions between disease group and contrast were observed.
Physiological reactivity to cues
Reduced recovery effect in ALD patients following cue exposures, but no alcohol-specific recovery effect Autonomic response indices during the recovery periods following cue exposures should capture parasympathetic system regulation, as indices return to baseline levels after cue offset. There was an overall increase in high-frequency HRV levels from cue exposures to recovery periods, F (1,136) = 5.67, P = 0.019, indicating an overall recovery effect after observed reduced parasympathetic responses during the cue exposures. There was a contrast and disease group interaction, F(1,136) = 4.64, P = 0.033, with the ALD group demonstrating a reduced overall recovery effect compared to the control AUD group (see Fig. 1 ). For the alcohol-specific recovery effect, there was a weak trend for overall increased high-frequency HRV levels during recovery after alcohol cue offset, F(1,64) = 3.08, P = 0.084, but no effects of disease group, suggesting a general-rather than alcohol-specific-parasympathetic recovery effect.
Executive functioning related to greater cue reactivity according to disease groups, but no differences in recovery effects A central hypothesis posited a role of executive functioning in the regulation of appetitive cue-elicited responses, particularly upon the alcohol-specific response. A three-way interaction for baseline versus cues contrast, disease group, and Stroop score was seen, F(1,64) = 4.19, P = 0.045 (Fig. 2) . For those with low Stroop interference, control AUD participants demonstrated a significant high-frequency HRV reduction to the cues compared to baseline. ALD patients with low interference revealed little change from baseline to cue exposures, and this pattern was similar for participants with high Stroop interference, regardless of disease group. This suggests those with better executive functioning within the control AUD group demonstrate an expected reduction in parasympathetic system activity to eliciting cues, while other groups demonstrated inflexibility in parasympathetic system response. No other significant three-way interactions of disease group, executive functioning, and recovery effect contrasts for high-frequency HRV were seen (P's > 0.05), indicating that while better Stroop performance differentiated disease groups when observing an overall recovery effect, there were no associations with executive functioning performance specific to an alcohol recovery effect.
DISCUSSION
This study investigated whether executive functioning was involved in the appropriate regulation of cue-elicited responses in individuals with severe AUD and ALD, indicating a functional reflective system postulated by the dual-process model (Bechara, 2005; Wiers and Stacy, 2006) . While control AUD participants with better Stroop performance demonstrated dynamic high-frequency HRV parasympathetic responses during cue exposures, those with worse Stroop performance and the ALD patients demonstrated minimal overall changes in parasympathetic activity. This suggests executive functioning ability is associated with appropriate responding to environmental cues, at least in the control AUD participants. Overcoming Stroop interference requires successful response inhibition to suppress prepotent word colour-naming, and correctly name the text colour (Miyake et al., 2000) . Several studies have demonstrated deficits in response inhibition tasks in AUD samples (Ratti et al., 2002; Noël et al., 2005) including worse Stroop performance (Noël et al., 2001) . However, no overall or alcohol-specific recovery effects modulated by executive functioning were observed, or interactions with executive functioning and disease group, which did not support our hypothesis. Nevertheless, this is some of the first evidence associating executive functioning deficits and reduced parasympathetic responses to tangible eliciting cues in AUD samples of differing severity.
We observed physiological reactivity to water and alcohol cues through parasympathetic system reduction in high-frequency HRV levels for the overall sample, but there were no differences betweendisease groups. This pattern of HRV can be explained by Thayer and Lane's (2000) neurovisceral integration model, whereby reduction in parasympathetic activity leads to the disinhibition of the sympathetic response to cues, potentially through top-down control processes via key prefrontal brain regions. As alcohol cues act as eliciting stimuli for chronic drinkers (Carter and Tiffany, 1999) , these high-frequency HRV patterns reflect the expected dynamic parasympathetic system response to cues. Increases in high-frequency HRV may indicate active regulation of motivational, impulsive cue-elicited responses (e.g. cravings), particularly when unable to consume the desired appetitive cue (Ingjaldsson et al., 2003) . However, the overall reactivity to both water and alcohol cues suggests a general appetitive-, rather than an alcohol-specific cue response. Considering water and alcohol share several characteristics (e.g. hydration), water may elicit similar motivational cue responses, as associated characteristics may sufficiently signal an alcohol drinking opportunity (Cooney et al., 1997) .
An overall recovery effect after cue-offsets was apparent with a return to baseline high-frequency HRV levels. Additionally, the ALD group displayed overall reduced recovery effects after cueoffsets compared to the control AUD group, although an alcoholspecific recovery effect was not evidenced. A dysfunctional parasympathetic system unable to effectively regulate responses to eliciting cues may lead to impaired drinking from an inability to disengage from cues (Verkuil et al., 2009) , or continued impulsive system urges to consume alcohol after cue offset (Garland, 2011) . Considering our ALD sample are severely dysregulated drinkers unable to control their drinking despite significant negative consequences, this reduced flexibility to dynamically respond to environmental demands (Koob and Le Moal, 2001 ) may precipitate poorer drinking outcomes such as relapse (Garland et al., 2012) . Further, for ALD patients, they may no longer be able to respond appropriately due to a dysfunctional regulatory system regardless of executive functioning ability, for we would expect some impulsive system motivational responses toward eliciting cues (Bechara, 2005) . Notably, severe liver disease can also affect autonomic cardiac activity, including vagal dysfunction (Hendrickse et al., 1992) , but our ALD participants demonstrated low liver disease severity with MELD scores so are unlikely to suffer from disease-related cardiac problems.
It is unclear from this study whether observed associations between executive functioning and cue reactivity responses and regulation are executive functioning deficits specific to ALD, or generalized across AUD. ALD participants had worse TMT performance, but similar Stroop performance, and control AUD individuals may still have executive functioning deficits but demonstrate less impairment in regulation to cue-elicited responses. However, ALD participants' higher baseline alcohol consumption levels indicates greater dysregulated drinking behaviours compared to Control AUD participants. Implementing a healthy control group would help further determine the moderating effect of executive functioning in alcohol cue reactivity and regulation in future research. The cue reactivity task sufficiently elicited subjective alcohol craving in the whole sample, including increased alcohol cue-specific craving and a reduction post-alcohol cue offset (Cooney et al., 1997; Ingjaldsson et al., 2003) . However, the groups did not differ in subjective craving across the cue reactivity task. Interestingly, the ALD group's self-reported craving actually decreased from baseline to water cue, and as these ALD patients are treatment-seekers, self-reported craving may be affected by demand characteristics and social desirability bias, whereby reporting of craving may indicate failure in perceived treatment goals such as abstinence (Tiffany and Carter, 1998) , highlighting the utility of physiological indices of responses to eliciting cues.
While there were various associations with Stroop and psychophysiological cue responses, no relationships with TMT were observed, despite ALD participants demonstrating worse TMT performance. However, the TMT is a comparatively gross measure of executive functioning accounting for several executive and nonexecutive cognitive functions, whereas the Stroop task comprises several trial types allowing for greater sensitivity identifying taskrelated impairment (e.g. conflict monitoring). Additionally, appropriate Stroop performance appears to crucially involve prefrontal regions (e.g. dorsolateral prefrontal cortex, anterior cingulate cortex) (Kerns et al., 2004) that are also key to regulation of cueelicited responses and are negatively affected in AUD, whereas the TMT involves a more diffuse network of cortical areas (Zakzanis et al., 2005) .
The study was limited through only sampling ALD patients that were seeking treatment for drinking problems. Capturing a group of ALD participants that exhibit successful regulation, such as postoperative transplant, patients who are controlled drinkers and/or abstaining may better reveal alcohol-specific regulation differences. Control AUD participants also reported high levels of liver disease symptoms on the CLDQ, suggesting they typify more severe AUD. Employing a more sensitive measure of negative consequences specific to ALD and/or better capturing their frequency may better delineate the disease groups and identify consistently dysregulated drinkers. Lastly, no healthy control group without alcohol use problems was employed to compare executive functioning without effects from alcohol use, as employing a control group of drinkers with matched AUD severity and experienced drinking consequences was considered a more relevant control group for the study rationale involving regulation in severe AUD.
In conclusion, ALD individuals may have problems regulating responses to appetitive cues that may lead to problematic drinking behaviours, which are reflected in psychophysiological indices that demonstrate inflexibility in parasympathetic autonomic system function. Additionally, executive functioning deficits may modulate this capacity to effectively respond to eliciting cues in individuals with severe alcohol use problems, and facilitate continued urges to 
